Summary.
Autonomic ganglia in the pancreas may include islet cells; while islets sometimes contain a group of ganglion cells.
Electron microscope observation in adult mice confirms occurrence of a structure called neuro-insular complex type I by FUJITA (1959) , in which islet cells are juxtaposed to nerve cells either directly or by intercalation of a thin glial cell cytoplasm.
Islet cells are equivalent to neurons in their attitude towards neurons and towards glial elements in the neuro-insular complex. There seems to be every gradation between pure ganglia, mixed forms representing the neuro-insular complexes, and pure islets. Pancreatic islets may thus be regarded as modified ganglia.
It has been demonstrated that the peptide hormone-secreting endocrine organs may be more or less heavily innervated.
The nerve supply to the pancreatic islet has been extensively studied by WATARI (1968) , FUJITA (1969) and SMITH (1975) under the electron microscope.
However, no previous author seems to have described the electron microscope image of neuro-insular complex type I which was characterized by a conglomeration of nerve cells and islet cells (FUJITA, 1959) . This communication intends to report the fine structure of the neuro-insular complex type I which we observed in the mouse pancreas.
MATERIAL AND METHOD
Pieces of pancreatic tissue removed from adult mice of either sex were fixed in 2.5% glutaraldehyde in a phosphate buffer at pH 7.2-7.4. The specimens were then postfixed with 1% osmium tetroxide, dehydrated and embedded in Araldite.
Thin sections were cut on a Porter-Blum MT2 ultramicrotome with diamond knives and stained with 1% aqueous solution of uranyl acetate and Millonig's lead. Observation was made with a Hitachi HU 125 ds electron microscope. A conglomeration of nerve cells and islet cells was occasionally encountered. This structure corresponded to the neuro-insular complex type I described by FUJITA (1959) in his light microscopic study in the pancreas of some mammals. In this complex an islet cell, either type of A, B or D, was juxtaposed to a nerve cell body, either directly or by intercalation of thin glial (satellite cell) cytoplasm.
RESULTS

In
The interface between the islet cell and the nerve cell or the glial element showed an irregular contour, and the plasma membranes of the adjacent cells were separated by a space A satellite cell process em-of about 30nm. No membrane specialization such as its thickening could be detected in the site of cell juxtaposition. Islet cell granules showed no special accumulation to the nervous elements.
Profiles of neuronal processes, unmyelinated, often were found in the space between the insular and nervous elements.
DISCUSSION
Nerve cells, neurosecretory cells and some peptide-secreting endocrine cells are continuous to each other in their structure, metabolism, and function.
Since 1975, we use the name, paraneurons to cover those cells which are not typical neurons in a classical sense, but should be regarded as closely related to neurons (FUJITA and KOBAYASHI, 1975, 1979; FUJITA, 1976 (FUJITA et al., 1979) .
In the present study it was shown that at least a part of the islet cells of the mouse pancreas are comparable to nerve cells with regard to their topographical relation to glial cells and to neuronal processes.
It is apparent that the neuronal and glial cells cannot discriminate between the islet endocrine cell (paraneuron) and nervous cell (neuron).
It seems reasonable to propose that the neuro-insular complex type I is a modified ganglion and the islet cells in the complex correspond to the ganglion cells. Thus, the series of neuro-endocrine structure in the pancreas can be given as follows: (1) autonomic ganglion without islet cells, (2) neuro-insular complex type I and (3) islet without ganglion cells, indicating gradual transformation from one to the other.
Furthermore, an islet devoid of neuron somata may contain bundles of axons, thus forming a neuro-insular complex type II (KOBAYASHI and FUJITA, 1969; FUJITA and KOBAYASHI, 1979) .
Paraneuron reminds us of the word paraganglion which was introduced by KOHN (1900) at the turn of this century.
However, paraganglion represents an organ and the paraneuron, a cell. Thus, the former is parallel to ganglion, while the latter to ganglion cell. KOHN included in the paraganglia such organs containing chromaffin cells as carotid body and adrenal medulla.
In our opinion, KOHN picked up only a section of cell groups from a much broader spectrum of neuro-endocrine organs including the pancreatic islet. In the list of paraneurons, we arranged sensory and endocrine cells according to their resemblance in structural, metabolic and functional characteristics, and pointed out that the neurons and paraneurons comprise a continuous variety of cells. This concept of paraneurons indicates that ganglia and endocrine glands containing paraneuronic cells are also continuous at the organ level.
